Abstract: Substance use disorders (SUD) and mental health disorders are significant public health issues that co-occur and are associated with high risk for suicide attempts. SUD and mental health disorders are more prevalent among offenders (i.e., prisoners or inmates) than the non-imprisoned population, raising concerns about the risk of self-harm. This cross-sectional study examined the population of a state prison system (10,988 out of 13,079) to identify associations among SUD (alcohol, cannabis, intravenous drugs, narcotics, and tobacco smoking), mental health disorders (anxiety, bipolar, depression, and psychotic disorders), and suicide attempts. The primary aim was to determine which groups (SUD, mental health disorders, and co-occurrences) were strongly association with suicide attempts. Groups with a documented SUD or mental health disorders compared to peers without these issues had 2.0 and 9.2 greater odds, respectively, for attempting suicide, which was significant at p < 0.0001 for both conditions. There were also significant differences within SUD and mental health disorders groups in regard to suicide attempts. Groups with the greatest odds for suicide attempts were offenders with comorbid bipolar comorbid and anxiety, alcohol combined with depression, and cannabis co-occurring with depression. Documentation of suicide attempts during imprisonment indicates awareness, but also suggest a need to continue enhancing screening and evaluating environmental settings.
Introduction
Substance use disorders (SUD) and mental health disorders are significant public health issues that often co-occur and are associated with functional disability [1] and high risk for self-harm, including suicide attempts and completion [2] [3] [4] [5] [6] [7] [8] . The prevalence for SUD and mental health disorders are much greater for the offender population (i.e., prisoners, inmates) than non-imprisoned populations [9] [10] [11] . Individuals with SUD have a significantly higher probability of being arrested compared to the population without these issues [12, 13] . A majority of offenders in the United States (56%) reported that they used at least one substance prior to arrest [14] . Cannabis use was reported by 40% of offenders,
Materials and Methods
This cross-sectional descriptive study was approved by an institutional review (IRB) at an academic health center and was conducted in collaboration with a department of corrections (DOC) in the east south central region of the United States. The IRB protocol number is 10-0382F2L.
Inclusion and Exclusion Criteria
All offenders (men and women) imprisoned between 1 June 2005 and 31 December 2010 and had a record in the electronic health and offender management systems were included. Inclusion criteria also included all race and ethnic groups, and offenders who had date of birth, which was used to calculate age, all of which may be explanatory factors for suicide attempts. This DOC had thirteen facilities, of which two were women only and eleven men only. Facilities were dispersed geographically throughout the state, representing the geographic distribution of the state.
Data Collection
The data sources for this study were an electronic health record (EHR) and an offender management system (OMS), which the DOC we collaborated with used to manage offender health and to track and monitor their activities. All offenders receive a complete physical, mental, behavioral health, and dental examination upon arrival at the DOC reception center, also referred to as the intake facility. Health findings are recorded in the EHR by clinic staff (e.g., physicians, advanced registered nurse practitioners, nurses, and medical records specialists). The EHR is comprised of structured data (i.e., clinic staff entered data using standardized data dictionaries). Clinic staff entered diagnoses using the International Statistical Classification of Diseases (ICD-9) and the Systematized Nomenclature of Medicine (SNOMED) at the reception center and throughout offenders' imprisonment as health conditions are identified and change. Documentation with ICD-9 provides a consistent and internationally recognized way to refer to diseases and disorders. This study extracted all health data (i.e., SUD, diagnoses for mental health disorders, and suicide attempts) from the EHR (See Table 1 ). Documentation of SUD were made on the basis of screening tools and limitedly on health records prior to imprisonment that offenders provided. Mental health disorders were diagnosed after extensive evaluation by psychologists and psychiatrists. Diagnoses for panic, phobia, and posttraumatic stress syndrome were included with anxiety disorders, as other investigators have grouped these conditions together [19, 24, 31, 39] . Clinic staff documented suicide attempts during imprisonment based on physical evidence and investigations conducted by medical, mental health staff, and correctional officers. The OMS was created electronically from court records and managed by correctional staff (e.g., officers and case managers) throughout offenders' imprisonment. This study extracted sociodemographic, criminal offense, security level, sentence, earliest potential parole, and release dates from the OMS. 
Statistical Analyses
We used SAS ® 9.4 (SAS Institute, Cary, NC, USA) to conduct all statistical tests. Frequencies and percentages were conducted for race, gender, education, security level, SUD, and mental health disorders (i.e., nominal and categorical variables). Race comparisons were made between African Americans and Whites; there were too few observations for other racial and ethnic groups for meaningful analyses. Means and standard deviations (SD) were calculated for age and date of diagnosis (continuous variables). Differences in population proportions and odds (i.e., offenders with SUD and mental health disorders who attempted suicide) were evaluated using chi-square (χ 2 ). We created mutually exclusive groups for SUD (alcohol, cannabis, intravenous drugs, narcotics, and tobacco smoking) and mental health disorders (anxiety, bipolar, depression or depressive symptoms, and psychotic disorders) to minimize potential statistical noise that polysubstance and comorbid conditions may have on odds for suicide attempts. We created a group for co-occurrence of bipolar and anxiety disorders, since these conditions are highly comorbid and are associated with increased risk for suicide attempts [2, 23, 27, [39] [40] [41] . Comparisons for suicide attempts in regard to age and duration of imprisonment were made using the Wilcoxon rank sum test. When examining multiple groups, we performed the Fisher exact test and made p-value adjustments (including Bonferroni) to evaluate significance of pairwise comparisons. The p-value adjustment identified which comparisons were significant and decreased the probability of Type I error (false positives).
Results
There were 10,988 out of 13,079 offenders (84%) who had valid records in the EHR and OMS (i.e., inclusion criteria for the study). The population was majority White and men (See Table 2 ) with a mean age of 37.5 (SD = 11.5), 95% CI (37.3, 37.7). The mean age for offenders with documented suicide attempts was 36.6 (SD = 9.6), 95% CI (35.6, 37.6) compared to 37.5 (11.6), 95% CI (37.3, 37.7) who did not attempt suicide. A plurality of the population had completed high school, had a primary offense related to property crimes (e.g., destruction of property, burglary, receiving stolen property), and were classified as medium security, which allows some freedom of movement within a facility, but under greater supervision and restriction than offenders whose status was minimum level (See Table 2 ). Education was self-reported and a large percent of offenders refused to report this information. We also did not have access to all criminal offense and security level information for all offenders, which resulted in approximately one-third to almost forty percent of these data being unavailable. Substance use disorders were prevalent, in which 6629 offenders (60.3%) had at least one documented issue and 2205 (20.1%) had more than one problem. Tobacco smoking was the most frequently used substance, followed by cannabis and alcohol (See Table 3 ). A large percent of the population (28.0%) had a diagnosed mental health disorder (i.e., anxiety, bipolar, depression, and psychotic disorders), and 3.7% of offenders had comorbid conditions. Depression was the most frequently diagnosed mental health disorder, and bipolar disorders the least (See Table 3 ). Suicide attempts occurred in 3.4% of the population (See Table 3 ). An overwhelming majority of the diagnoses for mental health disorders (92.8%) were made during imprisonment (See Table 3 ). The mean duration for diagnosing an offender with an anxiety diagnosis was 4.5 years (SD = 6.3), 95% CI (4.1, 4.9); 3.6 years (SD = 5.0), 95% CI (3.0, 4.1) for a bipolar disorder; 4.1 years (SD = 6.1), 95% CI (3.8, 4.4) for depression; and, 4.6 years (6.5), 95% CI (4.0, 5.2) for a psychotic disorder. Most suicide attempts also occurred during imprisonment (See Table 3 ). The mean number of years imprisoned prior to a suicide attempt was 5.2 years (6.6), 95% CI (4.4, 6.0).
Group Differences for Suicide Attempt
Whites, men, and the population with a SUD or mental health disorder had greater odds of suicide attempts compared to peers (See Table 4 ). A significantly larger percent of offenders classified as maximum security attempted suicide compared to groups with minimum or medium security levels (See Table 4 ). We conducted the Fisher's exact test for analyses of variables with more than two groups (i.e., education and security level). A pairwise comparison among security levels indicated that all confinements significantly differed from one another after a p-value adjustment (Bonferroni). The odds for suicide attempts were significantly greater for the maximum level compared to minimum (p < 0.0001) and medium (p = 0.002), and a classification of medium was associated with an increased likelihood for knowingly engaging in behaviors that could be life ending compared to the minimum level (p < 0.0001). Although offenders with post-secondary education (some college, undergraduate, and graduate degrees) had a smaller percent for suicide attempts compared to groups with less educational attainment, the differences were not significant (See Table 4 ). We created mutually exclusive groups (i.e., offenders who only have one condition) for all SUD and mental health disorders. Some SUD and mental health disorders were associated with increased risk for suicide attempts. There were significant group differences between smokers and non-smokers, as well as the population with a history of intravenous drug use (IDU) compared to those who did not inject drugs. Offenders with a history of IDU had greater odds for suicide attempts compared to their non-IDU peers and smokers compared to non-smokers were more likely to have a documented case of suicidal behaviors, i.e., tries (See Table 5 ). Offenders with alcohol, cannabis, or narcotic use disorders were not significantly different from peers who did not have an issue with these substances. Offenders with bipolar disorders had significantly greater odds for suicide attempts compared to the population without this mental health problem (See Table 5 ). Comparisons between offenders with or without depression and the group with or without dual diagnoses of bipolar and anxiety disorders indicated that the population with these mental health disorders were associated with greater odds for suicide attempts (See Table 5 ). There were no significant differences for groups with or without anxiety or psychotic disorders (See Table 5 ). There were significant within group differences for suicide attempts in regard to SUD and mental health disorders (See Table 6 ). Offenders with a history of IDU or tobacco smoking had larger percentages for suicide attempts (See Table 6 ). A pairwise comparison, using Fisher's exact test and adjusted p-values, indicated that SUD significantly differed from one another (See Table 7 ). Offenders who had issues with IDU or tobacco smoking significantly differed from the group that had no SUD history (See Table 7 ), i.e., a larger percent of individuals with IDU and tobacco smoking issues had instances of suicide attempts compared to the group with no SUD. Only alcohol and cannabis use disorders groups differed significantly from IDU and tobacco smoking (See Table 7 ). A smaller proportion of the groups with alcohol and cannabis use disorders attempted suicide compared to offenders with histories of IDU or tobacco smoking (See Table 7 ). However, there were no significant differences detected for suicide attempts when the group without a substance use disorder was compared to offenders who had issues with alcohol, cannabis, or narcotics (See Table 7 ). In regard to mental health disorders, offenders with bipolar and anxiety had the largest percent of population for suicide attempts (See Table 6 ). A pairwise comparison for mental health disorders indicated that a significantly smaller percent of the population without a diagnosis had attempted to end their life compared to groups with either anxiety, bipolar, depression, psychoses, or comorbidities (i.e., bipolar and anxiety), see Table 7 . The group with bipolar and anxiety disorders had a significantly larger percent of population with suicide attempts compared to groups with anxiety only, depression, or psychotic disorders (Table 7) .
Odds of Suicide Attempt for Substance Use Disorder and Co-Occurring Mental Health Disorder
There were a few significant population differences while controlling for SUD. The population size for this study was not sufficient to conduct analyses for all mental health disorders while controlling for an SUD. The population with depression and the co-occurrence of alcohol, cannabis, or tobacco smoking had greater odds for suicide attempts compared to the groups that had these SUD, but had not been diagnosed as having a mental health disorder (See Table 8 ). Although alcohol and cannabis use disorders independently were not associated with suicide attempts, their co-occurrence with depression increased the odds of trying to end one's life (See Table 8 ). Unlike alcohol and cannabis, tobacco smoking did not increase odds for attempting suicide (See Table 8 ). 4. Discussion
Prevalence for Corrections and Non-Imprisoned Populations
Substance use disorders and mental health disorders for this DOC are much more prevalent than the non-imprisoned population. National survey data for alcohol use disorder indicated that 3.5% of adults 18 or older in 2010 had this condition compared to 18.5% in this DOC [42] . Percentages for cannabis (17.4%), cocaine (7.8%), and heroin (0.5%) also exceeded 2010 national averages (1.0%, 0.3%, and 0.1%, respectively) [42] . Further, 35% of offenders in this DOC smoked tobacco compared to 19.3% in the non-imprisoned population [43] . In regard to mental health disorders, the prevalence of depression for this DOC was greater than the 2012 non-imprisoned population (17.1% compared to 7.9%) [19] . The population for this DOC also exceeded the 2012 non-imprisoned population percentages for bipolar (4.9% compared to 2.1%) [3] and psychotic disorders (6.2% compared to 3.1%) [19] . However, diagnoses for anxiety disorders in this DOC were slightly less than the 2005 non-imprisoned population, which included the same conditions as this study (16.4% compared to 18.1%) [44] . The percent of suicide attempts in our population of offenders were 3.4%, which compared to 0.4% for attempts in a national survey of a non-imprisoned population [45] and an estimate of 2.3% across prison systems in the United States [38] .
Group Risk for Suicide Attempts
Whites compared to African Americans had significantly greater odds for suicide attempts [46, 47] , which is consistent with other investigations. Men had greater odds for attempting suicide compared to women, which was unexpected. Investigations with non-imprisoned individuals have found that men are less likely to attempt suicide [48, 49] , but have greater odds for completing suicide compared to women [49] . This finding is surprising, since women in this DOC were significantly more likely to have a mental health disorders, p < 0.0001, OR = 1.4, 95% CI [1.3, 1.6], which are known risk factors for suicide attempts. However, the lower odds for women attempting suicide may be explained by their greater likelihood for utilizing mental health services than men [50] . There were no significant difference (p = 0.12) in suicide attempts in regard to age, which did not coincide with investigations with non-offenders [20, 27, 29, 41, 51] . The population that smoked tobacco, as well as the group with bipolar, depression, or bipolar with anxiety disorder, had significantly greater odds for attempting suicide compared to offenders who did not smoke or have these mental health disorders, which investigations of non-imprisoned populations have found [8, 33, [52] [53] [54] .
Surprisingly, we did not find increased odds for suicide attempts for groups that solely had an alcohol [4, 6] , cannabis [7, 32, 34] , or narcotic use disorder [5] . Further, the population that was solely diagnosed with either anxiety [24, 31, 55] or a psychotic disorder [29, 56] did not have greater odds for suicide attempts compared to peers without these mental health disorders. Although alcohol and cannabis were not associated independently with suicide attempts their co-occurrence with depression resulted in significantly greater odds for trying to commit suicide. The odds for suicide attempts for tobacco smokers who had anxiety or bipolar disorder was not significant, which is not consistent with other investigations [35, 36, [57] [58] [59] .
Tobacco smokers who were diagnosed with depression did not have greater odds for suicide attempts compared to the population with depression only. While alcohol and cannabis use disorders co-occurring with depression were significantly associated with suicide attempts, we were unable to analyze the strength of the associations. However, neither cannabis use disorder nor anxiety independently resulted in greater odds for suicide attempts. Further, cannabis use disorder co-occurring with depression resulted in increased odds for suicide attempts compared to having only a mental health disorder. These findings suggest that past alcohol and cannabis use disorders may be important in regard to suicide attempts, but the mechanism that the substance may have is beyond the scope and aims of this investigation.
Unique Risk Factors for Offenders
The findings that maximum security was associated with increased odds for suicide attempts is not well defined, since there are few investigations that have included offenders. However, the increased odds for maximum security was not unexpected, since this security classification is the most restrictive level of imprisonment and is reserved for the most serious offenses, including serious disciplinary charges once imprisoned. In many correctional settings, including the department of corrections that was the source for our data, offenders classified at the maximum level reside in single bed units (i.e., they do not share living quarters), and contact with other offenders is minimal. The association between maximum security and suicide attempts may be related to offenders experiencing a negative environment, increased stress, reinforcement of negative self-worth, and social isolation [28, 30, 41] . The majority of offenders classified as maximum security were tobacco smokers (64.5%) and a plurality had a diagnosis of depression (38.4), significant risk factors for suicide attempts. Findings from this investigation suggest that greater odds for suicide attempts for offenders with co-occurring SUD and mental health disorders may differ somewhat from non-imprisoned populations and that moderating variables, such as gender and living environment, may have different influences on attempting suicide.
Although the aims of this investigation sought to identify associations among sociodemographics, SUD, mental health disorders, and suicide attempts, the strong links among these factors may provide corrections guidance in regard to assessing suicide risk and targeting resources to the population with the greatest odds of attempting to end their life. Tobacco smoking and the population with co-occurring bipolar and anxiety appear to have the greatest odds among SUD and mental health disorders respectively. The population with co-occurring SUD and mental health disorders, particularly tobacco smoking, cannabis, and alcohol use disorders, also had greater odds for suicide attempts. These characteristics are likely the initial risk factors for building a corrections-specific assessment for suicide attempts. Further, security classification, particularly maximum confinements, suggests that the environment of the level may need to be evaluated to identify how corrections can maintain security and safety, while also minimizing risk factors for suicide attempts, such as increased stress and social isolation.
The correctional population is a unique environment from non-imprisoned settings, such as security levels, overrepresentation of SUD, mental health disorders, and co-occurrences, limitations of agency to make decisions, large percent for less than a high school graduation and high prevalence of socially and economically disadvantaged backgrounds. Offenders also are separated involuntarily from their family (spouses, significant others, offspring), which may be stressors related to suicide attempts [33] . Despite these differences, suicide attempts is a major issue for the population with SUD and mental health disorders. This descriptive study provides preliminary results regarding the effect that moderating (e.g., race, gender, age, education, security level) and potential mediating variables (e.g., SUD, mental health disorders, co-occurrences) may have on suicide attempts in an offender population.
Limitations
This study is among a few investigations that have included an offender population to access the associations of SUD, mental health disorder, and self-harm (i.e., suicide attempts). Although the results indicated a significant association among the conditions, there were several limitations to this descriptive study. We collected nearly the entire population of this DOC (84%), but our mutually exclusive groups for SUD (alcohol, cannabis, intravenous drug, narcotics, and tobacco) and mental health disorders (anxiety, bipolar, depression or depressive symptoms, and psychotic disorders) resulted in small totals for each subgroup and limited complex comparisons, such as controlling for the presence of some variables. While the primary aims of this investigation were to evaluate risks (SUD and mental health disorders) related to suicide attempts in an offender population, we did not have a complete health history related to these conditions. For example, we neither collected the duration and extent of SUD nor the severity of mental health disorders.
With regard to SUD, we did not know the reason for use (i.e., coping, pleasure, or social) that may be explanatory [60] . Information related to treatment history, adherence, or completion (i.e., pharmacological or addiction counseling) was not collected for this investigation, but may be explanatory, particularly in regard to the greater odds for suicide attempts for men compared to women. Men in this DOC may not access mental health services in similar proportions to women. We also did not have a complete history for previous suicidal ideation, attempts, completions, or family history of suicide. Competed suicides were documented in a restricted system and family history, which may be a risk factor [21, 27, 36, 51] , was not a routine initial screening question for new arrivals. We also did not have access to clinical notes regarding the details and severity of suicide attempts.
The preliminary findings of this investigation suggest further exploration into SUD, mental health disorders, and co-occurrences. In addition to these conditions, there are a growing number of investigations that have found a relationship between chronic conditions (e.g., diabetes, epilepsy, cardiovascular disease) and self-harm, which was not included or examined as a potential mediating variable [8, 61] . Despite several limitations, the majority of the data we did not collect are typically documented. These additional data likely will explain more completely the population at risk for attempting suicide, as well as provide an opportunity for analyses that will be more explanatory than descriptive.
Conclusions
Corrections is the first and most extensive contact that many offenders have with a health care system. Corrections was mandated by Estelle v. Gamble (429 U.S. 97) (U.S. Supreme Court) to provide unfettered access to health care, which includes mental health services and addiction treatment [62] . Thus, offenders with these conditions are provided access to appropriate services, which they may or may not utilize. In regard to SUD (excluding tobacco smoking in some systems), imprisonment largely minimizes use and access to these substances while also providing treatment. However, this DOC did not provide combined and coordinated treatment for the population with co-occurring SUD and mental health disorders, despite having a shared EHR to facilitate coordination and management of care. Clinical notes documenting mental health care were siloed in the EHR. The protection of mental health notes, provided by psychiatrists and psychologists, is understandable, but treatment and interventions for co-occurrences of SUD and mental health disorders are likely more effective when designed and delivered to address both conditions in a coordinated way [4, 63, 64] while protecting sensitive confidential health information.
The large number of suicide attempts documented during imprisonment compared to the few that occurred prior to prison suggests that corrections recognizes the issues and likely is addressing the problem. The number of suicide attempts that occur during imprisonment is also a call for corrections to continue identifying risk factors, evaluating the correctional environment, and enhancing screenings, especially since prevalence for SUD and mental health disorders changes over time [19] ; thus, risk factors, environment, and screenings may also require adjustments. Self-harm in an offender population is not only a corrections issue, but also a public health concern, since the majority of the imprisoned population is released. These condition in released offenders, co-occurring or not, are exacerbated when treatment is unavailable, inaccessible, or too complex to navigate in a non-imprisoned setting. Untreated or poorly addressed SUD, mental health disorders, and co-occurrences that are related to high risk for suicide ideation, attempts, or completion have a large social and economic impact, particularly when individuals become functionally or physically disabled.
Future collaborative investigations between corrections and institutions such as academia, public health, addiction treatment services, and mental health, will be essential for enhancing screening and treatment for groups with these conditions. Treatment programs that were developed for non-imprisoned populations may not be the most effective approach for corrections, which has similarities (but also unique characteristics, socially and structurally) to the general population. The risk factors for self-harm are complex and a more complete identification of characteristics associated with self-injurious thoughts and behaviors by subgroups will enhance screening and triaging into appropriate and complete programs. An assessment of current screening practice may identify unknown gaps that are readily addressable. Longer term investigations to identify risk factors will require larger studies with more complete health information and history. Investigations will need to include more expansive sociodemographic variables, such as marital or family status and measures of social connectedness, as well as the potential effects of physical health conditions. Larger and more comprehensive investigations also will facilitate conducting multivariate analyses to adjust the influences of confounding variables [65] . Data-mining methods, such as random forest, will be important for uncovering and explaining moderation effects associated with factors, such as SUD, mental health disorders, physical health, and self-harm [66] .
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